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In April 2014 and 2015, we noted localized alopecia (neck, forelimbs, and chest) and hyperpigmentation on two adult brown bears (Ursus arctos) captured in central-south Sweden for ecological studies under the Scandinavian Brown Bear Research Project. In spring 2015, a brown bear was shot because of humanwildlife conflict in the same region. This bear also had extensive alopecia and hyperpigmentation. Ectoparasites were collected from the affected skin areas in all three individuals and preserved in ethanol for identification. Based on morphological characteristics, the lice were identified as Trichodectes spp. and Trichodectes pinguis pinguis. To our knowledge, these are the first reported cases of chewing lice in freeranging brown bears in Scandinavia. Chewing or biting lice are small (a few mm long), wingless, dorsoventrally flattened insects that parasitize birds and mammals. In mammals, they mainly feed on dead skin and skin products . They are permanent ectoparasites (their entire life cycle occurs on the host) and host-specific. The transmission is through direct physical contact between hosts, e.g. during mating, aggressive behavior or mother-offspring contact (Durden, 1983) .
Trichodectes spp. (Nitzsch, 1818; Insecta, Phthiraptera, Ischnocera, Trichodectidae) is a genus of chewing lice containing 16 species that parasitize ungulates and carnivores worldwide, including ursids (R ek asi, 1994; Durden, 2001) . Trichodectes pinguis is considered the chewing lice of bears. It can be distinguished from other Trichodectes spp. by, amongst other things, the trapezoid shape of its head. Two subspecies have been described in the literature: T. pinguis pinguis in brown bears (Ursus arctos), and T. pinguis euarctidos mainly found in American black bears (Ursus americanus) (review in Rogers and Rogers, 1976) . They differ in subtle characters, one of the most easily spotted is the brownish pleural plates of T. p. Euarctidos located close to the abdominal spiracles (Hopkins, 1954) . In the most recent world checklist of lice by Price et al. (2003) , T. pinguis and Trichodectes euarctidos have been referred to as species rather than subspecies.
On 25 April 2014, we captured a 5-year-old female brown bear, ID No. W1017, in G€ avleborg County, in south-central Sweden (61.627265 N, 14 .779787 E) for ecological studies under the Scandinavian Brown Bear Research Project (SBBRP). This bear weighed 75 kg and was in good body condition for her sex-age group (SBBRP 2015, unpublished data) . During the physical examination, we discovered an area with complete alopecia in the ventral part of the neck and upper part of the chest (Fig. 1a, b) . No other dermatological signs or abnormalities were observed. No treatment was administered. Through careful visual examination of the affected areas, we discovered several ectoparasites. We collected 20 of them and preserved them in 80% ethanol. We submitted the parasites to the National Veterinary Institute in Uppsala, Sweden for identification, which was made on the basis of morphological characteristics (Hopkins, 1954; Lyal, 1985) . The parasites were identified at the genus level as Trichodectes spp. The same bear was recaptured a year later, on 13 May 2015 (61.619168 N, 14.692434 E) . It weighed 80 kg and was below the average body condition for her sex-age group. Hair had re-grown in the area of her upper chest. However, there was still an area of alopecia on her neck, and we noticed scarring of the skin along the sides of the neck (Fig. 1c ). We were unable to find any lice. We attributed these more recent signs to the wearing of a GPS collar for the past year, and removed it from the bear.
On 17 April 2015, we captured a 15-year-old male brown bear, ID No. W1211, also in G€ avleborg County (61.535394 N, 15 .456055 E). The male weighed 157 kg and was in good body condition. However, it was partially alopecic on the shoulders, upper forelimbs, and chest, and completely alopecic on the left side of the thorax. In addition, the skin of the left thorax was hyperpigmented and lichenified, indicating chronic inflammation, pruritus, and scratching of the skin (Fig. 2a) . We did not administer any treatment. Examination of the affected areas revealed the presence of several ectoparasites, of which we collected (n ¼ 10) and preserved in 80% ethanol. We submitted the parasites to the Natural History Museum in London for identification. On the basis of morphological characteristics (Lyal, 1985) , they were identified as T. p. Pinguis. The same bear was photographed on 22 June 2015 in a camera trap (Scout Guard model SG560V, located in 61.623395 N, 15.322697 E) when feeding on a moose (Alces alces) carcass. The alopecia was still evident in the left upper forelimb and shoulder (Fig. 2b) . In addition, we inspected hair collected from day beds nearby the location of the camera trap and found lice on them.
Captures were carried out according to an established protocol (Arnemo et al., 2012) and were approved by the Swedish Ethical Committee on Animal Research (application numbers C7/12 and C 18/15) and the Swedish Environmental Protection Agency.
In mid-May 2015, an adult male bear was shot just outside the village of Los in G€ avleborg County (61.722175 N, 15 .180187 E), because it had been determined to be a threat to public safety by the police. The carcass was transported to the National Veterinary Institute in Uppsala, Sweden, for post mortem examination. It was in average body condition, weighing 168 kg. The skin was completely alopecic in the area covering the chin, ventral part of the neck, axillary regions, and abdomen (Fig. 3a, b) . In addition, moderate to severe dental and periodontal lesions were found, including periodontitis, gingivitis, feed impactions, incisal fractures, and suspected caries. Histologically, a moderate chronic eosinophilic to lymphocytic dermatitis was identified in affected areas. Moderate to high numbers of ectoparasites were found in the hair coat surrounding the areas with complete alopecia, and in the areas with partial alopecia. Ectoparasites were not found in the areas with healthy skin. The parasites were preserved in 70% ethanol. Species identification was performed using the same morphological keys (see above) at the Veterinary Institute in Uppsala, Sweden. The results showed that the bear was infested with T. p. Pinguis (Fig. 4) . Other causes of alopecia and dermatitis were excluded by visual examination of skin and hair coat, and microscopic examination of skin scrapings and histological slides of skin.
The chewing lice of the European brown bear, T. p. Pinguis, was first discovered by Nitzsch in 1825, and his work was published by Giebel in 1874. Despite this early description, there are very few published reports of the parasite in the literature. The next description of the louse was published by Burmeister in 1838 using Nitzsch's material. In 1948, Werneck described the female form of the parasite using samples from the British Museum that were collected in Bosnia. We have not found any reports of chewing lice in brown bears in Scandinavia or in grizzly brown bears from North America. In fact, Thunberg (1798) reported that brown bears in Sweden were free of lice. T. pinguis has been reported with a prevalence of 0.7% in 135 brown bears from Hokkaido, Japan (Kadosaki et al., 1990) . A different subspecies of chewing lice, T. p. Euarctidos (Hopkins, 1954) , is commonly found in American black bears, where it has been reported in several states and provinces (Rogers, 1975; Rogers and Rogers, 1976; Worley et al., 1976; Addison et al., 1978; Manville, 1978; Yunker et al., 1980; Fowler and Miller, 2003; Nims and Durden, 2011) . In the latest world checklist of lice, the subspecies were elevated to species rank (Price et al., 2003) . T. pinguis has also been reported from Asiatic black bears (Ursus thibetanus). Nakagawa (1960) suggested a new subspecies, T. p. Selenarctidos, for the chewing lice of the Asiatic black bear, whereas other authors did not mention the subspecies of the parasite (Rogers and Rogers, 1976; Kadosaki et al., 1990; Yokohata et al., 1990) . Chewing lice, Tricholita ferrisi, have also been documented in spectacled bears (Tremarctos ornatus), by Werneck in 1948. Price et al. (2003) classified the louse as Werneckodectes ferrisi.
Causes of alopecia and dermatitis in ursids are numerous. Bacterial infection (dermatophilosis, Staphylococcus sp., Acinetobacter sp.), parasites (mites, lice, nematodes), fungal infection (e.g. ringworm), hormonal disorders (e.g. hypothyroidism), allergy, nutritional causes (vitamin A deficiency), etc. have been documented to produce dermatological symptoms in bear species in the literature (reviews in Fowler and Miller, 2003; Bourne and Vila-García, 2007) .
Parasitic and fungal diseases are the main cause of skin lesions in bears (Fowler and Miller, 2003) .
Ringworm (Trichophyton spp., Microsporum canis) has been seen in a number of bears, whereas other fungal diseases, including candidiasis and pythiosis, have been reported only rarely (Bourne et al., 2010) . Among parasitic diseases, our differential diagnosis included Demodex spp., Sarcoptes spp., the audycoptid mite, Ursicoptes americanus, Trichodectes spp., and chiggers (larval stages of trombiculid mites Eutrombicula splendens) (Manville, 1978; Yunker et al., 1980; Schmitt et al., 1987; Forrester et al., 1993; Cunningham et al., 2001; Durden, 2001; Fowler and Miller, 2003; Dykstra et al., 2012) . In addition, alopecia, fur matting, erythema, abrasions, edema, and ulceration have been reported in free-ranging wildlife as a result of wearing a radio-collar (Adams and Campbell, 1996; Hellgren et al., 1998; Gau et al., 2004; Krausman et al., 2004) . Without the identification of lice, the lesions in the first bear, ID No. W1017, could be easily misinterpreted as being caused by the collar. Also, diseases of the oral cavity can have an effect on the immune system, and thus predispose to other infections (Pavlica et al., 2008) , as might be the case in the human-wildlife conflict bear.
From 1984 through 2015, a total of 2047 captures of 748 individual bears have been carried out for scientific purposes in the SBBRP. Furthermore, brown bears are hunted legally in Sweden, and approximately 240 bears have been harvested annually in recent years (National Veterinary Institute, Sweden). Despite the high number of bears captured and handled, and harvested over the last few years in Scandinavia, only a few cases of bears with dermatological signs have been observed (Arnemo 2015, unpublished data) . Lice were not reported in any of these cases. Although chewing lice are easy to detect through careful visual examination, bears have not routinely been inspected for lice or other ectoparasites. Except for heavy infestations or obvious clinical signs, lice could have gone undetected.
Wild mammals carry appreciable numbers of ectoparasites without serious consequences for their health (Butler and Roper, 1996; Durden, 2001) . However, large infestations with detrimental effects to the host (e.g. anemia, dermatitis, alopecia, skin sensitization, decreased growth rates, secondary infections, transmission of parasites and pathogens, decrease of reproductive success, death) have been reported (Nelson et al., 1975 (Nelson et al., , 1977 Schwartz et al., 1983; Mech et al., 1985; Foreyt et al., 1986; Durden, 2001) . On the other hand, illness, nutritional deficiencies, host senility, immunosuppression, or inefficient grooming might lead to large infestations in mammals (Durden, 2001 ). In the cases described here, the clinical signs we observed (e.g. alopecia, dermatitis, pruritus) strongly suggest a negative effect on the bears. The impact of the louse infestation could be of relevance in case of alteration of blood parameters (e.g. inflammatory response) and/or behavioral modifications (e.g. restlessness, scratching, reduced feeding times). Also, hair loss may affect thermoregulation of the animal (e.g. lack of insulation and energy expenditure). This would be especially important in cases of extensive alopecia and during periods of high energy demands (e.g. reproduction) and hibernation.
To the best of our knowledge, this is the first report of T. p. Pinguis in free-ranging brown bears in Scandinavia.
